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ABSTRACT 


Using  a  common  data  base  and  a  fw  Inputs  during 
execution,  this  HP -67  Combat  Model  determines  flrers, 
targets,  engagements,  results,  data  base  updates,  and 
specified  output  for  each  time  step  of  a  tank -antitank 
battle.  This  base  version  represents  only  tank  and 
antitank  missiles  on  each  side.  However,  the  power  of 
the  HP-67  will  accommodate  expansions;  e.g.,  artillery, 
mines,  cannon -launched  guided  projectiles  (CUSP),  attack 
helicopters,  and  air  defenses. 

Model  mathematics  are  presented,  and  the  model 
macroflow  and  overlay  structure  are  described.  An 
operators  guide  Is  Included  along  with  program  listings 
for  the  7  submodels  and  20  subroutines. 


Accession  For 

NTIS  GRAil 
DTIC  TAB 

Unannounced  □ 

Justification— _ _ 

ByT^r  Hv.  C,  ~+&£kfa~Jta  of;) 

distribution/ _ _ 

_ Availability  Codes 

Avail  and/or 
Dist  Special 


DTIC 

ELECTE 


NOV  241980 


P~  " 


ACKNOWLEDGEMENTS 


The  advice  and  assistance  provided  by  Mr  Richard  C. 
Rlnkel  and  Mrs  Elizabeth  Etheridge  In  the  preparation  of 
this  paper  were  welcome  and  helpful.  I  am  grateful  for 
their  experienced  counsel  and  willing  help.  Thanks  also 
to  Ms  Mary  Slead  for  her  excellent  typing  support  during 
the  development  of  the  paper.  Responsibility  for  this 
early  attempt  to  represent  small  unit  armored  combat  on 
an  HP-67,  of  course,  rests  with  me. 


TABLE  OF  CONTENTS 
Technical  Paper  TF  8-77 

ABSTRACT .  11 

ACKNOWLEDGEMENTS . Ill 

TABLE  OF  CONTENTS  .  . .  1v 

LIST  OF  FIGURES . . .  vl 

CHAPTER  1.  INTRODUCTION 

PURPOSE . 1-1 

ORGANIZATION . . . 1-1 

CHAPTER  2.  MODEL  MATHEMATICS 

GENERAL . 2-1 

TERRAIN/LINE  OF  SIGHT  .  2-1 

PROBABILITY  OF  TARGET  DETECTION/ACQUISITION  .  2-1 

TARGETS  ACQUIRED  .  2-2 

ENGAGEMENT  RATES . .  .  2-2 

SUPPRESSION . 2-3 

NUWER  OF  FIRERS . 2-4 

SINGLE  SHOT  HIT  PROBABILITIES  (SSHP)  .  2-4 

TARGETS  HIT . 2-5 

ALLOCATION  OF  HITS  BETWEEN  TANK  AND  ATGM  TARGETS  ....  2-6 

KILL  CALCULATIONS . 2-7 

COWAT  STATUS  OUTPUT . 2-7 

RESERVE  COMMITMENT . 2-8 

REFERENCES . 2-9 


1  v 


TABLE  OF  CONTENTS  (concluded) 

CHAPTER  3.  MODEL  FLOW  ANO  OVERLAY  STRUCTURE 

MOOEL  FLOW  ..........  . 

OVERLAY  STRUCTURE . 

CHAPTER  4.  USER  INSTRUCTIONS 

USER  INSTRUCTIONS  .  .  .  . . 

CHAPTER  5.  PROGRAM  LISTINGS 

GENERAL  .  . 

SUBMODEL  ENGAGEMENT . 

SUBMODEL  LINE  OF  SIGHT  . 

SUBMODEL  FIRE  ALLOCATION  AND  ATTRITION  .  .  . 

SUBMODEL  SUPPRESSION  . 

SUBMODEL  OUTPUT  . 

SUBMOOEL  UPDATE  . 

SUBMODEL  RESERVE  COMMITMENT  ........ 

SUBROUTINES  . 

HP-67  COMBAT  MODEL  STORAGE  USE  . 

DISTRIBUTION 


v 


LIST  OF  FIGURES 


2-1. 

Allocation  (y)  of  fire  to  hard  tank  targets 

2-6 

3-1. 

HP-67  Combat  Model  macroflow  chart 

3-2 

3-2. 

Overlay  1 

3-3 

3-3. 

Overlay  2 

3-4 

3-4. 

Overlay  3 

3-5 

3-5. 

Overlay  4 

3-6 

CHAPTER  1 
INTRODUCTION 

1-1.  PURPOSE.  This  paper  describes  an  HP-67  Combat  Model  that  simulates 
battalion  level  tank/antitank  combat.  The  model  Includes  representation 
of  terraln/llne  of  sight*  target  detection  and  acquisition*  depth  of 
opposing  force  formations,  fire  allocation*  weapon  engagement  rates, 
suppression  of  antitank  guided  missile  (AT6M)  systems*  kill  computations, 
and  the  commitment  of  reserve  forces  by  either  side.  In  the  base  version, 
(wily  tank  and  antitank  weapons  are  simulated*,  however,  the  power  of  the 
HP-67  will  accommodate  expansions;  e.g. ,  the  play  of  artillery,  cannon- 
launched  guided  projectiles  (CLGP),  mines*  attack  helicopters,  and  air 
defense. 

1-2.  ORGANIZATION.  Following  this  Introductory  chapter,  the  second 
chapter  presents  the  mathematics  of  the  model  In  the  following  sequence. 

.  Terraln/llne  of  sight 

.  Probability  of  target  detection/acquisition 

.  Targets  acquired 

.  Engagement  rates 

.  Suppression 

.  Nunber  of  firers 

.  Single  shot  hit  probabilities 

.  Targets  hit 

.  Allocation  of  hits 

.  Kill  calculations 

.  Combat  status  output 

.  Reserve  commitment 

Chapter  3  of  the  paper  Illustrates  the  flow  of  model  computations  and 
explains  the  overlay*  submodel,  and  subroutine  structure  of  the  model. 
Chapter  4  Is  an  operators  guide,  and  chapter  5  contains  the  program 
listings  for  the  model. 
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CHAPTER  2 
MODEL  MATHEMATICS 


2-1.  GENERAL.  The  model  Is  time-  and  range- Increment  sequenced;  all 
the  processes  outlined  In  chapter  1  are  executed  each  step  with  the 
exception  of  data  update  and  reserve  commitment,  which  are  at  the  user's 
option.  The  following  paragraphs  describe  the  mathematics  of  the 
processes . 

2-2.  TERRAIN/LINE  OF  SIGHT.  Probability  of  line  of  si sfit  (PLOS)  between 
ffrer  and  target  Is: 

P(LOS)  •  (a  +  1.68  r/r)  e  *  1,68  r/r  (1) 

where: 


r  *  battle  range 

r  *  a  terrain  parameter  describing  generally  the  effects  of 

terrain  on  LOS.  (When  r  *  r,  the  P(LOS)  ■  0.5  in  uncluttered 
terrain.) 

a  ■  a  terrain  parameter  describing  the  amount  of  close-in  clutter. 
(In  fully  uncluttered  terrain,  a  ■  1;  in  the  vicinity  of  Fulda, 
a  a  0.57.,  This  statistic  measures  only  the  probability  of  LOS 
as  a  function  of  range  between  two  random  locations  In  a  given 
terrain.  Thus,  the  effects  of  LOS  duration  must  be  taken  Into 
account  In  determining  operational  engagement  rates.) 

Equation  1  Is  based  on  a  DIVMAG  formulation  (reference  1)  as  modified  by 
the  author  on  the  basis  of  TETAM  Phase  I  Europe  results  (reference  2). 


2-3.  PROBABILITY  OF  TARGET  OETECT ION/ACQUISITION.  Both  random  and  cued 
detections  are  represented  by  a  single  equation.  Differences  Injthese 
two  detection  phenomena  are  represented  in" the  allocation  of  fire 
calculations  (see  paragraph  2-10).  The  time  to  detect  Is  assumed  to  be 
distributed  exponentially.  Thus,  probability  of  detection  Is  represented 
as: 


Pi 


1  -  e 


-  XjAt 


(2) 


where: 

x<  ■  current  detection  jrate  for  the  1  weapon  system,  (x.  can  be 
changed  for  the  1w  weapon  type  prior  to  any  time  step  by 
calling  submodel  update  (overlay  4).  Thus,  the  effects  of 
range,  smoke,  fog,  etc.  can  be  represented) 

at  »  the  time  step 
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2-4.  TARGETS  ACQUIRED.  The  number  of  targets  acquired  (T  )  by  a  weapon 
system  Is  simply: 

Ta  -  PLOS  •  p1  •  N(t)  (3) 

where  PLOS  and  p.  are  as  defined  above  and  N(t)  Is  the  muter  of  targets 
allva  on  the  opposing  side  (B(t)  for  Blue,  R(t)  for  Red). 

2-5.  ENGAGEMENT  RATES. 

a.  ATGM  Engagement  Rates.  ATGM  operational  engagement  rates  are 
a  function  of  acquisition  rates,  missile  reload  times,  times  of  flight, 
terrain  abort  rates,  and  suppression  effects.  Acquisition  rates  are 
represented  explicitly  In  the  model,  the  Input  maximum  engagement  rates 
account  for  terrain  aborts,  and  the  explicit  representation  of  suppression 
Is  as  discussed  In  paragraph  2-6  below.  Thus,  the  missile  reload  and 
flight  times  remain  and  can  be  represented  as  a  linear  function  of  range. 
Thus: 


E^r)  3  a1  -  b1  r  (4) 


where  r  Is  the  range  and  a,  and  b,  are  positive  fitting  parameters  for  the 
1W  ATGM.  1  1 

b.  Tank  Engagement  Rates.  As  the  battle  closes  tanks  do  not  enter 
the  battle  Instantaneously.  Tfie  defender's  tanks  are  deployed  In  some 
depth,  and  the  attacker's  tanks  are  part  of  a  selected  attack  formation. 
Thus,  the  tanks  of  each  adversary  enter  the  battle,  as  It  closes,  over  a 
period  of  time  that  Is  largely  a  function  of  deployed  depth.  The  average 
engagement  rate  for  each  attacker  tank  Is  based  on  the  assunptlon  that 
his  tanks  arrive  within  effective  range  exponentially  as  a  function  of 
formation  depth.  Thus: 


xt>x0 


(5) 


-  In  (p*  1)(X,  -  XJ 

P.  -  e - H - 2-  -  1  X0  -  d  <  X,  <  Xft  (6) 


xi  <  X0  -  d 


(7) 
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The  average  engagement  rate  for  each  defender  tank  Is  based  on  the  assump¬ 
tion  that  his  tanks  are  deployed  uniformly  In  depth.  Thus: 


0 

X 

—a* 

V 

X 

o 

(8) 

r  -  1  <*o  -  V 

Vdixiixo 

(9) 

P 

X 

A 

1 

CL 

(10) 

where: 

p  »  Individual  tank  operational  engagement  rate 
d  »  , formation  depth 
Xg  *  effective  opening  range 
X.j  ■  battle  range 

2-6.  SUPPRESSION.  Previous  attempts  to  represent  suppressive  effects 
have  met  with  limited  success  due  to  a  lack  of  understanding  the  phenomena. 
Operative  HP-67  coding  of  the  Litton  Suppression  Model  (reference  3)  Is 
provided  as  an  option  for  representing  the  conditional  suppression  of 
ATGMs  by  direct  tank  fire.  The  percent  suppression  is: 


S 


e*  +  1 


(11) 


where: 

B  .  10e  *  -04  (1  -  -  5 

where: 


(12) 


f  ■  fractional  ATGM  losses  the  last  At 
a  •  a  suppression  parameter. 
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Therefore: 


N‘  -  N  (1  -  S) 

where: 

N  *  number  of  potential  flrers 

S  »  percent  suppression  from  equation  11 

Nfc  *  number  of  effective  flrers. 

(13) 

2-7.  NUMBER  OF  FIRERS.  The  number  of  flrers  is 
(t)  of  the  model  simply: 

at  any  given  time  step 

Blue  ATGMs  -  o^Ct) 

(14) 

Red  ATGMs  -  a2R(t) 

(15) 

Blue  Tanks  ■  (1  -  o^)  B(t) 

(16) 

Red  Tanks  *  (1  -  a2)  R(t) 

(17) 

where: 

B(t)  ■  total  Blue  survivors 

R(t)  ■  total  Red  survivors 

aj  *  current  ratio  of  ATGMs  to  total  systems. 

If  the  suppression  option  Is  exercised  the  flrer  numbers  from  equations 
15  and  17  are  modified  by  (1  -  S)  as  In  equation  13. 

2-8.  SINGLE  SHOT  HIT  PROBABILITIES  (SSHP). 

a.  Tank  SSHP  Calculations.  In  this  version  of  the  model,  tank 
SSHPs  are  a  quadratic  function  of  range.  Good  fits  are  obtained  if  the 
tank  open  fire  rule  Is  that  the  first  round  hit  probability  >_  0.3;  other¬ 
wise,  tank  SSHPs  are  a  ciAlc  function  of  range.  Thus: 

SSHPj  (r)  *  1  +  a^r  +  b^r2  (18) 
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or: 


SSHPi  (r)  -  1  +  air  +  ^r2  +  C^3  (19) 


where  r  is  the  range  and  a,,  bj,  and  c*  are.  fitting  parameters,  usually 
but  not  always  negative  1n7s1gn,  for  the  l"1  tank. 

b.  AT  Missile  SSHP  Calculation.  Current  AT  missile  system  hit 
probabilities  behave  logarithmically is  a  function  of  range.  Thus,  the 
SSHP  for  any  system  is: 


SSHPi  (r)  «  a1  +  b1  In  r  (20) 

where  r  Is  the  range  and  a.  and  b,  are  positive  fitting  parameters  for  the 
1xn  ATGM.  1  1 

2-9.  TARGETS  HIT.  Numbers  of  targets  hit  by  each  weapon  In  each  time 
step  is  calculated  as  In  the  Jiffy  Game  (reference  4): 


H  *  Ta  (1  -  (1  -  p/Ta)nrAt)  (21) 

where: 

H  »  number  of  hits,  computed  sequentially  for  each  Red  and  Blue 
weapon,  against  targets  acquired  and  engaged  during  a  single 
time  step. 

T  *  targets  acquired  and  engaged;  calculated  from  targets  available 
and  the  probability  of  acquisition  based  on  terrain,  range,  and 
weapon  system  detection  capabilities. 

p  3  SSHP  for  each  class  of  flrers  as  a  function  of  range  against  a 
target  of  average  aspect  angle  and  dimensions  and  specified 
cover.  SSHPs  are  calculated  for  each  time  step  during  execution. 

n  *  number  of  flrers,  calculated  fbr  each  weapon  type  and  each  time 
step  during  execution. 

r  8  engagement  rate  for  type  finer,  calculated  for  each  weapon  type 
and  each  time  step  during  execution. 

At  *  1  minute  In  base  version. 
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2-10.  ALLOCATION  OF  HITS  BETWEEN  TANK  AND  ATGM  TARGETS.  Two  principal 
factors  that  Influence  the  allocation  of  fires  are  the  flrer's  preference 
for  targets  by  type  and  the  Instantaneous  rate  of  cued  detections  for 
particular  type  targets.  Initially  It  will  be  assumed  that  the  flrer 
will  satisfy  his  preferences  within  the  constraint  Imposed  by  the  nunfcer 
of  cued  detections.  This  constraint  is  used  along  with  user  preferences 
to  determine  the  parameters  for  an  allocation  function  (see  figure  2-1). 


(0.1) 


(/,  fj) 


(Xft,  1  -  a) 


jv  v 


—  Range  (X) 


Figure  2-1.  Allocation  (y)  of  fire  to  hard  tank  targets 
The  equation  Is  of  the  form: 

3  2 

y  ■  a  jX  +  a2x  +  ajX  +  a^ 


3  2 

4lx  +  a2x  +  *  y  -  l 

From  input  data  three  simultaneous  equations  are  written: 

alx0  +  ^  a2Xg  +  8  a^Xg  ■  8  (fj  -  1) 


W  +  W  *  a3X0  ■  '  « 
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(26) 


^.«‘.K8ia>  mtc.jaa-  j 


11  .  1  ■  ,r  1.J  ! 

•iisef.V  /  •.■ «v>*3aw  jb»-4  v*.*.  v~  -- 


1  r 


*  r 


1 


where: 

Xq  *  opposing  tank  open  fire  range 
xr  *  Initial  battle  range 

o  »  ratio  of  opposing  soft  targets  to  total  targets 

f2,  f,  *  user  preferences  within  established  constraints  on  cued  versus 
random  detections  and  must  be  determined  from  available  data 
on  random  versus  cued  target  detections. 

These  three  simultaneous  equations  are  solved  for  a.,  a?,  and  a.  and  the 
resulting  equations  (22)  coded  Into  the  model.  1  c  J 


2-11.  KILL  CALCULATIONS.  Kills  are  computed  by  target  type  by  entering 
a  probability  of  kill  given  a  hit  (PK#U)  when  the  program  halts  after  cal¬ 
culating  hits  by  target  type  and  multiplying  P^H  times  number  of  hits. 


2-12.  COMBAT  STATUS  OUTPUT.  Status  data  are  output  at  each  time  step 
of  the  program  using  the  following  formulae: 


Percent  Blue  survivors  ■  B(t)/BQ  ■  1  -  z 


(27) 


Percent  Red  survivors 


R(t)/R0  •  1  -  -£-{^ 


(28) 


Survivor  force  ratio 

difference  (SFRD)  -  B(t)/BQ  -  R(t)/f^  (29) 


Loss  exchange  ratio 
(LER) 


(30) 


Fractional  exchange 
ratio  (FER) 


(31) 
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1 


where: 


8(t)  *  current  Blue  survivors 
RCt)  *  current  Red  survivors 
Bq  »  Initial  Blue  strength 
Rq  ■  Initial  Red  strength 
EbCt)  ■  cumulative  Blue  losses 
sr(t)  ■  cumulative  Red  losses 

2-13.  RESERVE  COWIUCNT.  Cornnltment  of  reserves  Is  handled  by: 

<*2  RCt)  +  R(t) 

°  2  R(t)  +  &  R(t) 

where: 

o' 2  »  updated  ratio  of  Red  ATGMs  to  total  Red 

02  ■  ratio  of  Red  ATGMs  to  total  Red  prior  to  commitment 

o^  ■  rot*0  of  Red  ATGMs  to  total  Red  In  reserve 

RCt)  »  total  Red  prior  to  commitment 

dR(t)»  total  Red  in  reserve 

The  same  equation  Is  used  to  compute  for  Blue  reserve  commitment 


(32) 


2-8 


2-14.  REFERENCES. 


1.  TR  8-76,  Division  Mar  Game  (DIVWAG)  Model  Documentation, 
Volune  II,  Programner/Analyst  Manual,  Part  3.  Computer 
Sciences  Corporation,  as  updated  by  Combat  Operations 
Analysis  Directorate,  Fort  Leavenworth,  Kansas  66027, 
July  1976. 

2.  TM  2-73,  TETAM  Effectiveness  Evaluation,  Phase  I. 

Combat  Operations  Analysis  Directorate,  Fort  Leavenworth, 
Kansas  66027,  November  1973. 

3.  TR  73/002,  Relationship  of  Supporting  Weapon  Systems 
Performance  Characteristics  to  Suppression  of  Individuals 
and  Small  Units.  Litton  Systems,  Inc.  Ralph  P.  Winter 
and  E.  Robert  Clovis,  January  1973. 

4.  TR  2-77,  CACDA  Jiffy  War  Game  Technical  Manual,  Combat 
Operations  Analysis  Directorate,  Fort  Leavenworth, 

Kansas  66027,  June  1977. 


2-9 


CHAPTER  3 

MODEL  FLOW  AND  OVERLAY  STRUCTURE 

3-1.  MODEL  FLOW.  The  macroflow  of  the  HP-67  Combat  Model  Is  shown  In 
figure  3-1. 

3-2.  OVERLAY  STRUCTURE.  This  HP-67  Combat  Model  consists  of  four 
overlays.  Using  a  comnon  data  base  and  a  few  Inputs  during  execution, 
seven  submodels  and  twenty  subroutines  determine  flrers,  targets, 
engagements,  results,  data  base  updates,  and  specified  output  for  each 
time  step  of  a  tank-antitank  battle.  Figures  3-2  through  3-5  show  the 
structure  of  the  four  overlays. 


1 


! 


Figure  3-1.  HP-67  Combat  Model  macroflow  chart 
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Overlay  1 


Submodel  A 
Submodel  8 
Subroutine 

Subroutine 

Subroutine 

Subroutine 

Subroutine 

Subroutine 

Subroutine 

Subroutine 


-  Calls  subroutines  0  and  1.x  and  calculates  targets  .hit 
by  Blue  or  Red  ATGMs  on  return. 

-  Allocates  fires  and  calculates  attrition.  Calls  sub- 
routines  2.y,  5.x,  and  6.x  fbr  execution  control. 

0  -  Calls  subroutine  7.x  to  calculate  the  number  of 
flrers  and  targets  acquired.  Calls  subroutine  8.y 
to  calculate  the  SSHP  and  engagement  rate  for  Blue 
AT  missiles. 

1. x  -  Calls  subroutine  7.x  to  calculate  the  nunfcer  of 

flrers  and  targets  acquired.  Calls  subroutine  8.y 
to  calculate  the  SSHP  and  engagement  rate  for  Red 
AT  missiles. 

2. y  -  Determines  next  weapon  code  and  next  overlay  when 

called. 

3. y  -  Determines  SSHP  and  engagement  rate  calculation 

control  when  called  by  subroutine  8.y,  overlay  1. 

5. x  -  Switches  data  in  registers  0,  2,  and  4  with  registers 

1,  3,  and  5  respectively  to  differentiate  finer  data 
from  target  data. 

6. x  -  Determines  next  weapon  code  and  next  overlay  when 

called. 

7. x  -  Calculates  number  of  flrers  and  targets  acquired  and 

returns  to  calling  subroutine  (0  or  1.x). 

8. y  -  Calculates  SSHP  and  engagement  rate  and  returns  to 

calling  subroutine  (0  or  1.x).  Calls  subroutine 
3.y  for  execution  control. 


Figure  3-2.  Overlay  1 
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Overlay  2 

Submodel  A  -  Calls  subroutine  2.x  and  calculates  targets  hit  by 
Blue  tanks  on  return. 

Submodel  B  -  Allocates  fires  and  calculates  attrition.  Calls 
subroutines  5.x  and  6.x  for  execution  control. 

Subroutine  2.x  -  Calculates  engagement  rate  for  Blue  tanks.  Calls 
subroutine  5.x  for  execution  control.  Calls  sub¬ 
routine  7.x  to  calculate  number  of  flrers  and  targets 
acquired.  Calls  subroutine  8.x  to  calculate  the 
SSHP  for  Blue  tanks.  Calls  subroutine  9  to  limit 
engagement  rate. 

Subroutine  5.x  -  Switches  data  In  registers  0,  2,  and  4  with  registers 
1,  3,  and  5  respectively  to  differentiate  flrer  data 
from  target  data. 

Subroutine  6.x  -  Determines  next  weapon  code  and  next  overlay  when 
called. 

Subroutine  7.x  -  Calculates  number  of  flrers  and  targets  acquired 
and  returns  to  subroutine  2.x. 

Subroutine  8.x  -  Calculates  SSHP  and  returns  to  subroutine  2.x. 

Subroutine  9  -  Limits  Blue  tank  engagement  rate  when  called. 


Figure  3-3.  Overlay  2 


Overlay  3 


Si4)ii»rlcl  A 
Submodel  B 
Subroutine 

Subrouti ne 
Subroutine 

Subroutine 

Subroutine 

Subroutine 


Calls  subroutine  3.x  and  calculates  targets  hit  by 

Red  tanks  on  return. 

Allocates  fires  and  calculates  attrition.  Calls 

subroutines  5.x  and  6.x  for  execution  control. 

i.x  -  Calculates  engagement  rate  for  Red  tanks.  Calls 
subroutine  5.x  for  execution  control.  Calls  sub¬ 
routine  7.x  to  calculate  number  of  flrers  and 
targets  acquired.  Calls  subroutine  8.x  to  cal¬ 
culate  the  SSHP  for  Red  tanks.  Calls  subroutine 
4.x  to  limit  engagement  rate. 

.x  -  Limits  Red  tank  engagement  rate  when  called. 

.x  -  Switches  data  In  registers  0,  2,  and  4  with  registers 
1,  3,  and  5  respectively  to  differentiate  finer  data 
from  target  data. 

.x  -  Determines  next  weapon  code  and  next  overlay  when 
called. 

.x  -  Calculates  number  of  flrers  and  targets  acquired 
and  returns  to  subroutine  3.x. 

I.x  -  Calculates  SSHP  and  returns  to  subroutine  3.x. 


Figure  3-4.  Overlay  3 
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.x\ 


Overlay  4 


Submodel  A  and  Subroutine  4.y  -  Calculates  the  probability  of  line 
of  sight  to  targets  In  the  coming  time  step. 

Submodel  8  -  Following  each  time  step  calculates  the  suppression 
of  Red  and  Blue  ATGMs  In  the  succeeding  time  step. 

Calls  subroutines  2.z  and  3.z. 

Submodel  C  -  Following  each  time  step  calculates  B(t)/B0,  R(t)/RQ, 
SFRD,  LER,  FER,  current  Battle  Range  and  current  Battle 
Time  and  calls  subroutine  4.y  to  update  PLOS. 

Submodel  0  -  On  call  returns  all  acquisition  and  movement  rates 
for  confirmation  or  update. 

Siimodel  E  -  On  call  comnlts  Blue  or  Red  reinforcement  and  updates 
appropriate  registers.  Calls  subroutine  l.y  for 
execution  control . 

Subroutine  l.y  -  Switches  data  In  registers  0,  2,  and  4  with  registers 
1,  3,  and  5  respectively  for  execution  control. 

Sifcroutlne  2.z  -  Determines  the  suppression  of  Red  ATGMs  in  the 

succeeding  time  step  and  returns.  Calls  subroutine 
5.y  to  calculate  the  suppression  level. 

Subroutine  3.z  -  Determines  the  suppression  of  Blue  ATGMs  in  the 

succeeding  time  step  and  returns.  Calls  subroutine 
5.y  to  calculate  the  suppression  level. 

Subroutine  4.y  -  See  SiAmodel  A,  overlay  4. 

SiAroutlne  5.y  -  On  call  calculates  the  level  of  suppression  for 
Red  and  Blue  ATGMs  and  returns  to  subroutines  2.z 
and  3.z  respectively. 

Subroutines  6.y  and  7.y  -  Provide  execution  control  for  submodel 

suppression. 


Figure  3-5.  Overlay  4 


CHAPTER  4 
USER  INSTRUCTIONS 

4-1.  USER  INSTRUCTIONS.  User  Instructions  for  the  four  overlays  of 
this  HP-67  Combat  Model  are  presented  In  the  following  pages. 


m m 


User  Instructions 


Blue  Tank  -  Overlay  2 
Red  Tank  -  Overlay  3 


INSTRUCTIONS 

INPUT 

DATA/UNITS 

KEYS 

OUTPUT 

OATA/UMTS 

Read  overlay  2 

rm  cm 

Targets  hit  by  Blue  tank 

rmco 

rgts  Hit 

Tanks  hit 

cm  cm 

Tank  Hit 

Tanks  killed 

P  K/H 

1  1  CrTsI 

Tanks  Kllii 

ATGMs  hit 

cm  cm 

OTGMs  Hit 

P  K/H 

cm  cm] 

VTGMs  Kill 

Calls  overlay  3 _ _ 

Do  step _2  as  in  overlay  1  _ 

If  Red  tank  open  fire  range  has  not 
been  reached  0  hits  are  flashed  and 
overlay  4  is  called. 

If  Red  tank  can  fire  hits  are  shown 

do  step  3,  4,  5  and  program  calls _ 

overlay  4. 


i  "lira 

i  mem 

i  .it. i 

r.  jit. .1 
I  Jim 

l.mCC) 

C _ 1 1 _ 3 

CZJCZD 

[TZJHZ3 

LZTJCTT3 

CmCm 
CmCTI 
CUCm 
cm  cm 

[TTK.TJ 
l  Cl  CO 
I  Til  TJ 
I TJ  L.Ti 
IdCCI 

l  mem 

ITT  CO 
ITT]  tm 
CTTITTI 
ITOCm 
cm  ITT 
cm  cm 
cm  cm 
cm  cm 
[;]im 


User  Instructions 


PLOS,  Output,  Update, 
and  Reserves  -  Overlay  4 


INSTRUCTIONS 


INPUT 

OATA/UNITS 


te  Initial  PLOS  for  time  step  1 


(unnecessary  for  remainder  of  battle) 


ATGM  suppression 


CHAPTER  5 
PROGRAM  LISTINGS 


5-1.  GENERAL.  This  chapter  presents  the  program  listings  for  this 

HP-67  Combat  Model. 

5-2.  SUBMODEL  ENGAGEMENT  (Label  A,  Overlays  1,  2,  and  3).  Calls  stb- 
routlnes  0,  1.x,  2.x,  and  3.x  to  calculate  SSHP,  nunber  of  flrers, 
engagement  rate,  and  targets  acquired  for  each  weapon  code.  Calculates 
targets  hit  on  return. 

LBL  A 

X 

GSB(i) 

Y* 

1 

1 

RCL  B 

mm 

RCL  A 

CHS 

* 

RCL  A 

- 

X 

RCL  C 

STO  A 

RCL  D 

RTN  (Targets  Hit) 

5-3.  SUBMOOEL  LINE  OF  SIGHT  (Labels  A  and  4,  Overlay  4).  Calculates  the 
probability  of  LOS  to  targets  in  the  coming  time  step. 

LBL  A 

ex 

LBL  4 

LST  X 

1.68 

CHS 

RCL  6 

a  (.57) 

X 

♦ 

r  (1.2) 

X 

* 

STO  9  IPLOS) 

CHS 

RTN 
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5-4.  SUBMODEL  FIRE  ALLOCATION  AND  ATTRITION  (Label  B,  Overlays  1,  2, 
and  3).  Calculates  fire  allocation  and  computes  targets  killed  by  type 
for  each  weapon  code.  Calls  subroutines  2.x  (overlay  1)  and  6.x. 
Contains  subroutine  5.x  which  controls  execution  along  with  subroutines 


2.x  and  6.x. 

LBL  B 

R/S  (Tanks  Hit) 

% 

RCL  1 

Input  P(K/H) 

STO  1 

RCL  2 

X 

RCL  2 

- 

STO  +  2 

RCL  3 

RCL  5 

-X-  (Tanks  Killed) 

*  STO  2 

X 

LST  X 

Rv 

STO  5 

t 

STO  3 

RCL  6 

RCL  A 

RCL  4 

3 

- 

RCL  5 

y  x 

CHS 

STO  4 

ax  (.01) 

R/S  (ATGMs  Hit) 

Rv 

X 

Input  P(K/H) 

STO  5 

CHS 

X 

RCL  I 

RCL  6 

STO  +  2 

3 

+ 

-X-  (ATGMs  Killed) 

x  *  y 

X 

RCL  5 

GTO  6 

a2  (.05) 

- 

< 

x  >  y 

X 

RCL  2 

1 

** 

RCL  1 

+ 

RCL  6 
a3  (.04) 

X 

* 

STO  5 

2 

x  «  y  | 
GTO  2 

|  Overlay 

l  Only 

•m 

LBL  5 

LST  X 

1 

RCL  0 

STO  I 

+ 

RCL  1 

PAUSE  (Weapon  Code! 

RCL  A 

STO  0 

RTN  (Next  Overlay) 

X 


5-2 


5-5.  SUBMODEL  SUPPRESSION  (Label  B,  Overlay  4). 


LBL  B 

< 

x  >  y 

PAUSE 

0 

* 

SF  2 

RCL  8 

.04 

LBL  3 
< 

x  >  y 

X 

p  >  s 

GTO  2 

CHS 

RCL  0 

1 

P  (1.0) 

p  >  S 

STO  8 

* 

RCL  6 

PAUSE 

ex 

x  >  y 

SF  2 

10 

CTO  7 

CTO  3 

X 

RCL  C 

LBL  2 

5 

RCL  4 

RCL  8 

- 

RCL  0 

RCL  5 

ex 

RCL  3 

RCL  1 

+ 

- 

RCL  4 

+ 

X 

• 

1 

* 

X 

+ 

CTO  5 

* 

* 

LBL  6 

LBL  5 

1 

STO  C 

+ 

- 

RTN 

+ 

CHS 

LBL  7 

1 

F?2 

1 

- 

GTO  6 

STO  C 

2 

STO  8 

CF  2 

yx 

RTN 
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5-6,  SUBMODEL  OUTPUT  (Label  C,  Overlay  4).  Calculates  output  data 
each  time  step  and  updates  battle  range  and  battle  time.  Calls  sub 
routine  4.y  to  update  LOS  probability. 


LBL  C 
1 

RCL  3 
RCL  0 
♦ 

-X-  (B(t)/BQ) 
1 

RCL  2 
RCL  1 
* 

-x-  (R(t}/RQ} 

-X-  (SFRD) 
RCL  2 
RCL  3 


RCL  1 
RCL  0 
* 

i 

-X-  (FER) 

RCL  6 
RCL  E 

STO  6 

-X-  (Battle  Range) 
GSB  4 
RCL  7 
1 
+ 

STO  7 

-X-  (Battle  Time) 

1 

RTO  (Next  Overlay) 


5-7.  SUBMOOEL  UPDATE  (Label  0,  Overlay  4).  On  call  updates  acquisition 
and  movement  rates  and  calculates  the  range  step  and  displays  current 
data.  When  proqram  execution  stops  either  accept  the  current  value  and 
key  run  or  key  In  updated  Input  and  key  run. 


LBL  D 

< 

P  >  s 
RCL  6 

R/S  (Blue  ATGM 

Acquisition  Rate) 

STO  6 

RCL  7 

R/S  (Red  ATGM 

Acquisition  Rate) 

STO  7 

RCL  8 

R/S  (Blue  Tank 

Acquisition  Rate) 

STO  8 

RCL  9 

R/S  (Red  Tank 

Acquisition  Rate) 


STO  9 
< 

p  >  s 
RCL  E 


R/S  (Movement  Rate  in  kph) 


STO  E 

PAUSE  (Range  Step  In  km) 


RTN  (Next  Overlay) 
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5-8.  SUBMODEL  RESERVE  COMMITMENT  (Label  E,  Overlay  4).  On  call  c omits 
either  the  Red  or  Blue  reserve  and  updates  appropriate  register.  Contains 
subroutine  l.y  for  execution  control. 

Enter  0  ■  Blue  or  1  ■  Red  from  key  board. 


LBL  E 

LST  X 

RCL  1 

STO  B 

X 

STO  0 

1 

RCL  A 

Rv 

x  *  y 

+ 

STO  1 

GSB  1 

RCL  0 

RCL  2 

RCL  4 

RCL  3 

RCL  3 

RCL  0 

- 

STO  2 

RCL  3 

4 

Rv 

- 

STO  4 

STO  3 

X 

-X-  (updated  ^  or  «2) 

RCL  4 

STO  A 

RCL  B 

RCL  5 

R/S  (oj  B(t)  or  <,2  R(t}} 

1 

STO  4 

Input  Total  Reserve 

x  »  y 

Rv 

STO  +  0 

6SB  1 

STO  5 

R/S  (a  B(t)  or  a  R(t)) 

RTN  (Next  Overlay) 

1 

Input  Reserve  ATGMs 

LBL  1 

RTN  (Next 

< 

RCL  0 

Overl ay) 

x  >  y 

\  . 

* 
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5-9.  SUBROUTINES. 


a.  0  -  Blue  Missile,  Overlay  1.  Calls  subroutine  8.y  to  calculate 


SSHP  and  engagement  rate.  Cal 
acquired  and  number  of  flrers. 

Is  subroutine  7  to  calculate  targets 

LBL  0 

GSB  7 

STO  C 

P  <  s 

RCL  C 

GSB  8 

RCL  6 

X 

RTN 

b.  1.x  -  Red  Missile,  Overlay  1. 

Calls  subroutine  8 .y  to  calculate 

SSHP  and  engagement  rate.  Cal 
acquired  and  number  of  flrers. 

is  subroutine  7  to  calculate  targets 

LBL  1 

GSB  7 

STO  C 

< 

P  >  s 

RCL  a 

GSB  8 

RCL  7 

X 

RTN 

c.  ljJ 
Overlay  4. 


Data  switch  for  execution  control.  See  LBL  1,  Submodel  E, 


d.  2.x  -  Blue  Tank,  Overlay  2.  Calculates  engagement  rate  for  Blue 
tanks.  Calls  subroutine  7  to  calculate  targets  acquired  and  number  of 
flrers  and  calls  subroutine  8.x  to  calculate  SSHP.  Contains  subroutine 
9  to  set  maximum  engagement  rate.  Calls  subroutine  5  for  execution 
control . 


LBL  2 

STO  B 

m 

P  >  s 

RCL  4 

• 

RCL  1 

GSB  8 

Maximum  Engagement 

STO  D 

RCL  D 

rate  In  rounds/nrln 

< 

p  >  s 

Depth  of  Defense 

X 

RCL  6 

In  km 

Depth  of  Defense 

In  km 

x  *  y 

GTO  5 

RCL  6 

v  jf  %/ 

♦ 

STO  D 

p  >  s 

RCL  8 

GSB  7 
< 

A  *  Jr 

GTO  9 

RCL  D 

RCL  6 

RTN 

LBL  9 

Maximum  Engagement 

p  >  s 

rate  In  rounds/mln 

RCL  5 

RCL  E 

STO  D 

h.  3. z  -  Blue  ATGM  Suppression.  See  Label  3,  Submodel  Suppression, 
Label  B  of  Overlay  4. 

i.  3.v  -  Missile  Engagement  Control.  See  Label  3,  Subroutine  8.y. 

j.  4.x  -  Red  Tank  Engagement  Control.  See  Label  4,  Stbroutlne  3. 

k.  4.y  -  Subroutine  Line  of  Sight.  See  Submodel  A,  Overlay  4. 

l.  5.x  -  Data  Switch  for  Execution  Control.  See  Label  5,  Submodel 
Fire  Allocation  and  Attrition. 


m.  6.x  -  Execution  Control,  Overlays  1,2,  and  3. 

LBL  6  4 

0 

STO  I 

PAUSE  (Weapon  Code) 


RTN  (Next  Overlay) 
(Overlay  1  and  2) 


R/S  (Next  Overlay) 
(Overlay  3) 


n.  5 ,y  -  Red  and  Blue  ATGM  Suppression.  See  Label  5,  Submodel 
Suppression,  Label  B  of  Overlay  4. 

o.  6.y  and  7.y  -  Execution  Control  for  Submodel  Suppression. 

See  Labels  b  and  7  of  Submodel  B,  Overlay  4.  K 

p.  7.x  -  Target  Acquisition,  Overlays  1,  2,  and  3. 


LBL  7 
CHS 
ex 
1 


1| 

+|  Overlay  1  Only 
STO  A  (Targets  Acquired) 


1 


CHS 

RCL  4 

RCL  4 

p  >  s 

RCL  0 

Overlay  1 

RCL  9 

RCL  3  ] 

RCL  0 

X 

1 

_ RCL  3 

RCL  1 

RCL  2 

X 

Overlays 
2  and  3 


{STO  C)  (Number  of  Flrers) 

(Overlays  2  and  3  only) 

RTN 
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8.x  -  Tank  SSHP  Computation,  Overlays  2  and  3 


5-10.  HP-67  COMBAT  MODEL  STORAGE  USE. 


a.  Primary  Registers. 

*A  Targets  Acquired  2 

2B  SSHP  3 

3C  Ntmber  of  Firers  4 

4 

0  Engagement  Rate  5 

E  Range  Step  6 

I  Current  Weapon  Code  7 
0  B0  8 

1  Rq  9 

b.  Protected  Secondary  Registers. 

0  Red  Tank  Open  Fire  Range 

1  Blue  Tank  Open  Fire  Range 

2  Red  Tank  SSHP  Parameter  b 

3  Red  Tank  SSHP  Parameter  a 

4  Blue  Tank  SSHP  Parameter  b 

5  Blue  Tank  SSHP  Parameter  a 

6  Blue  ATGM  Acquisition  Rate 

7  Red  ATGM  Acquisition  Rate 

8  Blue  Tank  Acquisition  Rate 

9  Red  Tank  Acquisition  Rate 


l  r(t) 

E  b(t) 

*1 

*2 

Battle  Range 
Battle  Time 

Red  ATGMs  Killed  Last  at 
PLOS 


1  Also  used  for  targets  hit  in  Submodel  Engagement  and  a,  B(t)  or  cu  B(t) 

In  Submodel  Reserve. 

2 

Also  used  to  index  Red  or  Blue  reinforcement  in  Submodel  Reserve. 

3  Also  used  for  Blue  ATGMs  killed  last  at. 

4 

Also  used  for  opposing  ATGMs  last  at  in  Submodel  Allocation  and  Attrition 
-  a.|  recomputed  and  restored. 
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